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(57) Abstract: For multi-channel- 
ization of an audio signal, there 
are provided an automatic wind 
noise reduction circuit and an 
automatic wind noise reduction 
method capable of enhancing the 
performance and degree of freedom 
of system design. Calculators (26, 
27, 28) obtain addition signals of 
an audio signal for audio channels 
other than audio channels selected 
differently. Calculators (29, 30, 31) 
subtract addition signals from the 
corresponding calculators (26, 27, 28) 
from the audio signals of the selected 
audio channels. The subtraction 
signals from the calculators (29, 30, 
31) are band-limited to a frequency 
band of a wind noise signal by LPF 
(21, 23, 25). The subtraction signals 
from the calculators (29, 30, 31) which 
have been band-limited are subjected 
to level control by level variable 
amplifiers (32, 33, 34) and they are 
subtracted from the audio signals of 
the corresponding audio channels. 
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DTS (Digital Theater Sy 
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25 



wo 2004/019654 



:T/JP2003/010453 



3 

10 T. ®wM^(^#i^^^sjftffl-r§m 1 c>»m^^<i:, 
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mm.^^^z^\f^x\^. mi&^'^f)-^^(Dv^)vi^i!^m^\zm-:^\^^x. xti 

pm^\z^i^ri^mm(Dm=^m^(Du^)v\z}i^-cxmm-r^^ii-fy^X'^ 
:b<Dx. ^^m^ic^#-rsjawm-^^^m6<jJ-=^^ >"fe^^■^^-^*^ 
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sficDj^n ^ ^Hj-r ^ fc ae) o s T ^ § . 

CD ;i' ^ ^ ^ > ^ c5 -* '0«J ^ i& ^ t" ^ 8?) cc) 0 T ^ s o 

20 \z^\^^xmmt^o 
25 jv-fy^mmt^o 
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{S^-r^fd^i^^ 1^ 2 0 0 H z #ifitc t!-^ ^fe-pTv^^o ^rc. m'^m 

10 -^-i- ^7 D3jN> 1 0 1 , 1 0 2\z^^u=^-^nrcm=^m^^^tsR c h 
(:&5^^>^;w) ^ Lch (fe5^^>:^;i/) <D=^pmn\'t. ^n^enm 

103, 104<&:n'bT. ADC (Analog to Digi 
tal Converter) 105, 10 6(::'W^^n, ^^XT-^ 

15 AD c 1 0 5 \z^\i^x'r-j^ )vmn\z^^'^nfcR c Yimo^^'^m^ 
\ts mm^ 10 7 tm^n^ 1090- (v-r ^.^}c#^^$n> a 

D C 1 0 6 tC:feViT5^>^iS';p^t^^C^jt$nfcL c h 
jSMSl 0 8 0 90+ (y^X) «^lC#^«&$nSo 

10 9 X\t. R c h^l!l<Z)^^«^^L c h fid© W^^t"^ ^ ® ^fi^^ (L 
20 -R) einSLP F (L ow-P a s s Filter) 

110, 121 \zm^^'^^o 

Vifc86lC, (L-R) ^S-^IC-OV^^TL P F 1 1 0 tC:feV>T, 0 4 

25 tBT^^o ^fe, LPF 1 2 1 $ 5 

t ^ w ^ M * V > ja it It ^ © ai # s . 
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^bT,LPF121 i!)^^<DmiJ\t.mm^ 12 2 J^I^SViTiiti^n. 

DET (^^mm^) 1 2 sj.z^r^^xm'^m^ti^u^A^m-^n^o d 

ET 1 2 3i!j^ib(DU^)V^1^mt}it. ^^^^U 1 2 4\zmm'^tl^o 
^m^^U 124 DET123 f)^ ^ <OU^)Vmi^\i^tl ^^^hX^k 

^iifiSff 1 1 1 , ii8tc#^^-r^c 

MM<DL P F 1 1 0 ;f&ie)a)m:^3til/'^>'V'W^li'|iSS§ 1 1 l\Z^ 
n-;!/$n§o Ji<o,h^l/^;i/nJ^Jiilil§§ 1 1 1 «^ 

mn\t.mM-mi i 2xmm^i o 7 •fy^^omm-^nrcmntmn-^n. 
15 m^^i 1 3TMMS1 0 8 :o^e>©)iM$nfeM^d^ e>M^$n^o 

;itie>?l^^^ 112.113 l-:fei.iT(D^^(Dm*J::"::>ViT^BJt-^o 
^•fL c h<D=0^mn^'L s . L c h (DJSWM-^&L w t b, RchO 
W^^i-^^R s .R c h©aW^-^^Rw(i:b.$ lc:®#d^S:*:<Z)l^. 
l/^;i/nj^iti|iiS 1 1 1 (Z>ai:^/A:^JtS: 0 . 5^g{c^^T§t> 

20 mi 1 2<D.mtiRaizmn^i 1 3(Dmt)-L ait^n^emi)^. (2) 

Ra= (Rs+Rw) +0. 5 (Lw-Rw) 

= Rs + 0. 5 (Lw+Rw) ••• (1) ^ 
La= (Ls+Lw) -0. 5 (Lw-Rw) 
25 =Ls + 0. 5 (Lw+Rw) ••• (2) ^ 

0*0, jaW^-^Rw, Lw:«>t:*:#Vil^JA, ®«m^«^f'^e.fe (L 
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w+Rw) ^^T^:/ ®W^S#Rw. L w;«>t-tf a 

r^^tfj^-c^^, *fe> mm^i 07. 1 0 st^, lpf 1 1 ofcj; 

12.11 3®m:t;t^. ^n^nmm^i 15.1 
1 6 jcA:^$nst^i'bic.?^#^i 1 4\zxti^nxnmf)^mm--^n. 

^(Dmtlil}^l^FF 1 1 yJC-ftl&^tl^o LPF117«> LPFllO 
L P F 1 1 7 (Dmtl\-i. U^JV^^mm^ 1 1 S l;i:feViTHUjdi(©^^ 

■^^mm^i 1 8(Dmti\^. mn^i 1 jImsi 1 s^m-Df^m 
^*>6M^$n, tii^si 2 oTjft^ssi 1 6 ^)i-Qfc«^5&^e>M#$ 

c:ne»m#s§ 119.120 iz^\f^x (DmM-(DMmz'D\f^xmm'r ^ o 
20 *-r±i^bfe (1) (2) ^^£fflvi. $ e.i:i®W7&^*:^®Np. i/^ 

1 9 (DmtiRh tm.n^i 2 0 <Dmtthh\t^n'en (3) (4) 

Rb = Rs + 0. 5 (Lw+Rw) -0. 5 (Lw+Rw) =Rs 
oc • • • ( 3 ) ^ 



wo 2004/019654 



:T/JP2003/010453 



11 

Lb = Ls + 0. 5 (Lw+Rw) -0. 5 (Lw+Rw) =Ls 

(4) ^ 

bfc^^^T, jawM-^Rw, L wt*^^ >-t:;v$nTW^M-^R s , 

L s (D^Hjm^n^o Mi^Oil^Sl 15. 116 tA, LPFl 

-Dxmnmi 19.12 o(omtim^\t. sK±<D^o\zm'wm^f)^is.m 

±miyrz^^\Zs^^<o-L/'R 2^^ >^)vm.=^i&f^^^<om'^\z\t. 
m^m^(Du^jvizm\::'X. ^j}^m\zm^^i^M-^'^^^ tf}^x^^ % 
>^;V7&^ L/R 2^^ >^)\^^mutvx\>rcrcibiz. 

iy7.^AmiY±(D^^m.<o\^±^m^'ttf}ix^uf)^'orco 

3=^^ >:^)\/Ws±<D'^}\^9-^'^>^)\^(Om'^X$>^Xh. L/R2 
20 ^^>:^)V<D^Pmn\zm^T^^tf3:<. ^^"^ >^-)\^<D=^pm^t 

^ >^}V(Dm'^^M\zvxm.m-f^o 
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T-r ^ n7fc> 1 1 J: OiRW^tifcR c h <D=^Pm 

CDW^^m-^iKZ^^n^'n^, ^^St-^li'l'ISg 1 3,14,15 SrSDT, 
^jsgj-r^ AD C 1 6 > 17, 1 8 J;:#^^$nS, AD C 1 6 , 17, 1 

so^n^mt. Mj!^r^mmmi 3^ 14, 1 5a)^n^n)&^e»oT 

^bT, ADC16*>e>CDRc h0 5^i?i5';i/iP^M^R«, MM^ 2 

0 L p F 2 1 1, mwm 1 9(D-mm^\zmB^n. ad c 1 7 

e.0C c h05'i^:$';W^^M-^CJi, 2 2^,LPF23 iz§^^ 

$n,ADC18*^e»0OLc h©x>^:$';WW^M^L«,3l5ES2 4 ^, 
15 LPF2 5i:, iHWS 1 9 ® + fi9«^^tC#^^$ tl^o 

(O^^m^-^^^ (L-R) fi^^LPF 1 2 l\zm^^V> m^^l 2 
2, DET12 3, #^^^£^1 2 4€raDT®^l/^;P^t^fi-^^^ 

20 ^-r-So z.0m,mv'^)v^^m^(D§E.m^m-^^ iii5}c^b;fe2^^> 

Sfe, L P F 2 1 lC:feViT0 4 lC^bfcjaW^«itJC$(IIS$n;^R c h 

(Rch<^m^{S#) Rw«, ?||^S3 0© + M3g 
^t, lil#Sg2 6 ©->^(55 + fiiJ«^t, |||#g§2 7 (7)-:&(D + #JiS^lC 
25 #^$&$n, L P F 2 3 iC:feViTg| 4 fc^bfeaW^llc^C^iJIS^nfeC c 
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\zm^-^n. L P F 2 5 IC^ViTS 4 ^ b $iJIS $ nfc L 

c hcDy'i^^ jv^pmn (L c h(Dm^m^) lwj*, mwm2 9<d + 
cwt(Dia^m^'v&^ (Rw+cw) m^u. mw-^29<D-mM^ 

^^^i^^$n> (Lw-Rw-Cw) «-^^iUTl/^;i/pJ^Ji'li^3 4 

10 \zm^-^n^o 

mWz. 2 7*>e>©Rch (DjaWft-^Rw^: L c h©®^iS-^ 

Lw t ©iP^ft-^T^fe^ (Rw+Lw) ?||#^3 KO-'HO^^ 

j6^e.M»$n, (cw-Rw-Lw) m^tvxu^)v^mmm^s 3 
15 jc#^«&$n^o 

wiioip^-fs^^r*^ (Lw + cw) mn\t.. 0 (D-m^'^^z 

xti-^n. mm^ms o (D+mm^^zm^-^n^R c h®®wM#Rwd^ 
sM^^tiT, (Rw-Lw-cw) m^tvxu^jv^mmm^s 2 
20 ic^^i^^n'So 

^bT, u^;i/Rr^iiiis§& 3 2 > 3 3, 3 4(D^n^n\t. 

2 4i)^^(Dfflimi'rcm=BrU^)Vi^t^m^\z^y) ha— ;v 

\zmtii!}^:k^<u^^v\zpm-^n. m\zm=^f}^fsi\^^t^\t. m^^u^ 
$e>jc, 3 2 . 3 3 , 3 4 e»®tB:^jm-^«, 
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0> 41, 42d^e»Rchm^, CchM^> L c h m# t b T tB $ 

OViTiaHJTS. JIJITIA, L c h (DW^fS-^=£L s , m^m^^'Lw 
ib, R c h ©W^-fi-^^SR s , ®W«-^SRwtb, Cch©W:^^i 

10 *SI§3 2, 3 3 , 3 4(Dmti/Atiit^0. S^tc^^b, *;^c, ffi:;^ 
jS^4 0 , 4 1 , 4 2 5i>^e»tB:^^nSR c hM^, Cch^-^, Lch 

m^omtim^^^n^nR a. ca, l aT^t)-r t-rst. -eo^ 
n'en\t&.T\z^'r (5) ^, (6) ^, (?) ^x^tD-^n^o 

Ra= (Rs+Rw) -0. 5 (Rw-Lw-Cw) 
15 =Rs + 0. 5 (Rw+Lw+Cw) ••• (5) ^ 

Ca= (Cs+Cw) -0. 5 (Cw-Rw-Lw) 

= Cs + 0. 5 (Rw+Lw+Cw) (6) ^ 

La= (Ls+Lw) -0. 5 (Lw-Rw-Cw) 

= Ls + 0. 5 (Rw+Lw+Cw) ••• (7) ^ 

% (Rw+Lw+cw) ^^trj:K>. "T^T©^^ >^;K^jaw{t^^ 
*BiH4/&^j^j:vija^m-^«. zLti^-mwr ^m^iz-r ^ ^ tx:k^ < i&M 

-t^Z-t-fy^X^^o m^ti^-fSil^^mit. Rw, Cw, Lw^^ifPtC 

25 75:D^n^*n©W^M^R s , Cs, L s >&ttii:tf$n§o 

^fe, iilM^2 0 , 2 2, 2 4\t. ^n^nL PF21, 23, 25 
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\z^^mm^^:^mm-vmmi^x\^^^^(DX'. m^ms 5. 3 6. 37 

PF2 1> 2 3, 2 5\t. 0 4^C^bfc®W^^^SJi^^<^:bT^5^ 

^^(35Jaw#•^*«^*mT#> l p f 1 2 1 e>tcm^g;^ist^«:jija 

$ iir § « <h ^ ^ W ^ <f ^ ^ * ^ ^ i® W <t <^ * tB $ tl S o 

>^)V(Dm^^x^n\t (c- R) M^Tfe, (L - c) m-^T'fe^< , 

(m2®M#¥^) •fy^Bfs.^^mm^u.m^^'^^nx^^^o 

9 1 CDM^^^) > i^^^nr^itifssg 3 4 mi omnmm^m) . 

sfe, LPF 2 1, 2 3 , 2 5 ©^n^tid^'ni ©jsm^^tcffi^r^ 

^^\z-r^z,nz^v)^ ^p^^y:^^)vmz^:^-^n^c tm< ^ #w 
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> ^ ;i/ # b T g I& a^^SMlHl |g ^ «t -5 U T J; . 

b;e>^b, 0 1 {c^bi^cssiawisMiHigs 1 <Dm^. ±aibfe ( s ) 

(6) ^C. (7) ^i!}^^ht>i!)^^^0\Z. m^{i^5&^^WbTVi-5. ^ 
10 ClT, 1 tC^bfcSl&aW^SMlHll^ 1 (D^^ic. 

.^.2«, ^ 1 ic^bjtii&awiSMiiiJis 1 <^^^{c^tt^n> ^®-r 
^m^^mn^-^ ^\z^u-^'^^r^^(D}^mmi^i&mm^2^w^m-r^rc 

m 1 }c^b;fegi&aw^MiMi!^ 1 d^e»<z)m:/3M-^©#^^<£^ttT. 

0 1 {c^bfeei&ffl#®MiHrBS 1 55^e»^ 2 jc^bfcSKiai^jgMiHii^ 
2 tcgigg$n^^^«> m 1 tc^b/tti&mw^Mifii^ 1 i:iiib#Mt^ 
20 ^^^^^xmm•t^. 

im 2 iz^T^oiz. 0 ^mcx^m^n^m i jc^bfe^sr® 

^fc. 1 ^mcxmm-^ti^mi \z^vrcMmm^^mm^ i 
mms 5 ^^ffi^xm^ms s <D + m^i^\zmm-^n^o 



wo 2004/019654 



T/JP2003/010453 



mmm 5 6 ^^bTtt^§§ 5 9 ® + fiij^^ic#fc^$n^o 

1 cDw^;i/Bi^iiiiiS3 2. 33, 3 4 tmmzmm-^n^o 
^vx. u^)]^ui^mm^5 3(Dmt!\t. 7 . 5 8, 59© 

10 ^n'eti(D-mi^'f'izm^^ti. + m^^(DR c h (D-xv'i57;i/#^m^> 

C c h (D^i^^ Jl=^Pm^. L c h ;WW^m-^J^>> & ^n-^'tlM 

^^tlT, SS^6 0, 61, 62?&^e>Rchffi:;^, Cchttl:^, Lch 

15 mmi^Tc (5) ic, (6) (7) ^(D^ti'eti^m^^. ^e>^cmw 

60> 61, 6 2 yJ>^e>CDR c htB:tl, CchtB:t>, hchmtXD^tl^ 
n^Rb, Cb, Lbtf^ii, Rchm:^Rb, Cchm:^Cb, L 

c hmtihh(D^ti'en\t. ^.Tiz^-r (s) o) (lo) 
20 ^x^ty-^n^o 

Rb = Rs + 0. 5 (Rw+Lw+Cw) 



-0. 5 (Rw+Lw+Cw) 



R s 



(8) ^ 



C b 



Cs + 0. 5 (Rw+Lw+Cw) 



- 0 . 5 (Rw+ L w+ C w) 



C s 



(9) ^ 



L b 



Ls + 0. 5 (Rw+Lw+Cw) 



- 0 . 5 (Rw+ L w+ C w) 
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55.56 «.LPF52 t^d: ^)1^5i'Sr2^^{S!lTM« bTV^S fe<^T. 
m^S5 7; 5 8 . 5 9 X(Dmn^ ^ ^yCf^^tD'^X^ 

eJl±C[)J;^ tC. 0, 6 1. 6 2i}^^mtl^n^R c hm:tJ. C 

10 ttCJ^^o 

MW^SMMa^fr^ 21 t5&tT#^ck"5 tttglpIi^ie^X-x A^W- 
15 ^1 1 t^-S-^ ^T'fel^Vio 

?5:43> ^ 2 tC*5ViT. 5 0 . 5 1 if&t^ 2 ©iO^^l^iCffi^ 

L P F 5 2 3 <Diftm¥^J:i1=B^ b, oJ^Jfilfigg 5 3 ||2 

om^mm^^^zm^iy. uM^s 7 . ss, 5 9:^^114 
20 :k\z. z<Dmm\z^^^Wim=^is.m^m> ^mm^i&^:^^^f^mv 

25 MC. MR^mrnvrcm-^iz. y n> h:^:^^^ (£4TFR:5r[^0^Vi-5<. ) 
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oQ ^ ^ iR] It ^ o 5^ 5^ ^ > ;w -fb; © T ^ „ 

L. Mc. MRj&ie>(Dm:tjft-%SL, R, c fTnit. c(D^-&^$n 

:70>hfe;^lBl (FL) :L-Qf(C-<f>) •••(11)^ 

10 :70> fpf ^^^Fr] (FC) : (L + R) / 2 - a (C-</)) 

••• (12) ^ 

:7P>h:&;^lpl (FR) :R-a(C-<l>) •••(13)^ 

UT:fe^|o] (R L) : C - a (R- <f>) •••(14)^ 

UTff^^lRl (RC) : C-a ( (L + R) / 2 - <f) ) 

15 •••(15)^ 

UT:&;^[Rl (RR) : C-a ( L - <f> ) ••• (1 6) ^ 

^mzii:b'^}v^=^^y^)vii^^»<o^Wim.'^^mm^^m\^x. s a b 
25 ;5:$nfe#iirRH4*wr-5-7;i/5^^^ >^>'^'^fc:^^^c^^^«^3&^#e»n 
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10 vrc^^'DTm\^^mM-mm(Dm^\zz.(Dmm\z^^^)v^^^ >^;v^ 
x^mm^^i&mmm^mtm^mmi^rcm. >^^;l/£AJlO«^^- 
^5=^^ >^)v<Dmnm^'&Mn-i^xNm(Dmwm^^nx. mi^-^nrc 
'fi-^&#T, z.<DNm<Dmwmmi)^m'^m^(D^i^tf3i^^z>\zwmm 

r^^'^^z-^nrcNmcomwmnov^oMm-r^wtwm^^u^j^^m 
25 m mnmm) i^xmn-r^^inz^Ki . Nm(D=^^^-^ >^)v<D^n 
^tKD^Mpmn^z-^^n^m^^m^^i&^-^-^^^tfi^x^^o 
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7> 3 1. ?I^#S2 8 . 3 0 0M^t-*3ViT> #^^^V>^;K^W^ 
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